Introduction
Long chain polyunsaturated fatty acids (LCPUFA), including docosahexaenoic acid (DHA) and arachidonic acid Abstract Docosahexaenoic acid (DHA) is an essential fatty acid (FA) important for health and neurodevelopment. Premature infants are at risk of DHA deficiency and circulating levels directly correlate with health outcomes. Most supplementation strategies have focused on increasing DHA content in mother's milk or infant formula. However, extremely premature infants may not reach full feedings for weeks and commercially available parenteral lipid emulsions do not contain preformed DHA, so blood levels decline rapidly after birth. Our objective was to develop a DHA supplementation strategy to overcome these barriers. This double-blind, randomized, controlled trial determined feasibility, tolerability and efficacy of daily enteral DHA supplementation (50 mg/day) in addition to standard nutrition for preterm infants (24-34 weeks gestational age) beginning in the first week of life. Blood FA levels were analyzed at baseline, full feedings and near discharge in DHA (n = 31) or placebo supplemented (n = 29) preterm infants. Term peers (n = 30) were analyzed for comparison. Preterm infants had lower baseline DHA levels (p < 0.0001). Those receiving DHA had a progressive increase in circulating DHA over time (from 3.33 to 4.09 wt% or 2.88 to 3.55 mol%, p < 0.0001) while placebo-supplemented infants (ARA) are important for normal health and neurodevelopment. Because these essential fatty acids (FA) cannot be sufficiently synthesized de novo in the fetus and preterm infant, a maternal source is necessary. LCPUFA are increasingly transferred from mother to fetus late in pregnancy, reaching peak accretion rates between 42 and 75 mg/day at 35-40 weeks of gestational age (GA) [1] [2] [3] [4] . Premature infants, born before this process is complete, are at risk of deficiency [3] . Because DHA and ARA levels directly correlate with GA at birth [5] , babies who are born the earliest are at the highest risk for deficiency [6] . Although there is increasing evidence to support the need for DHA supplementation in preterm infants, the optimal dose and method of administration are still unknown [3] .
Previous studies demonstrate that circulating DHA levels are a marker of deficiency and that premature infants with higher circulating DHA levels have a lower risk of disease including necrotizing enterocolitis (NEC) [7] , retinopathy of prematurity (ROP) [8] and bronchopulmonary dysplasia (BPD) [9, 10] as well as improved vision and neurodevelopmental outcomes [3, 11] . Benefits of increasing DHA provision appear promising, but are not conclusive [12] , in part due to a wide variability in study design and supplementation methods [3] . Positive health benefits are most consistently found in studies using "high dose" DHA supplementation that more closely mimic in utero accretion rates [3, 11] . Large-scale intervention studies are necessary to further define the clinical benefits of DHA supplementation in preterm infants, but before this can be done, a dosing method that is both safe and efficacious (increases DHA levels) must be better developed. The objective of this study was to determine the feasibility, tolerability and biochemical efficacy of additional daily enteral DHA oil supplementation for premature infants.
The current standard is to provide LCPUFA in enteral feedings. Both DHA and ARA are available in human milk and in some commercially available infant formulas in the USA. However, very premature infants typically do not reach full enteral feedings for several weeks and standard parenteral lipid emulsions do not provide these preformed LCPUFA. Additionally, premature infants have fewer fat stores and a decreased ability to convert the precursor FA, linoleic acid (LNA) and α-linolenic acid (ALA) that are provided in parenteral lipid emulsions, to ARA and DHA respectively [5, 13] . Likely for these reasons, DHA levels in premature infants decline rapidly after birth [6, 9, 14] . Even after full enteral feedings are reached, the standard dietary provision of DHA was developed based on the average world-wide content found in human milk (0.32 % of total milk FA) [15] which is intended to meet the daily needs of healthy term infants, but is not adequate to make up for the deficiency of prematurity [3, 6] . A more rational approach would be to provide additional DHA in an amount that replicates the in utero accretion rate specific for the infant's GA. Although this "high dose" DHA appears to be more efficacious, formula with this content is not commercially available. Improving breast milk DHA content to these levels through maternal fish oil supplementation is feasible and has been implemented in at least one institution [11, 14] ; however breast milk levels are variable and dependent on maternal compliance [14] and not all infants in the Neonatal Intensive Care Unit (NICU) receive their mother's milk. Regardless, providing additional DHA in formula or breast milk remains dependent on the infant's ability to tolerate full volume enteral feedings which is variable between NICU and often dependent on GA, size and clinical status.
To overcome these barriers, we carried out this prospective, single-center, double-blinded, randomized, placebocontrolled trial to investigate the feasibility, tolerability and efficacy of daily enteral DHA oil supplementation (50 mg/ day) used from the first week of life to term GA or hospital discharge with a goal of alleviating DHA deficiency in premature infants.
Experimental Section Study Cohort
The study included 90 infants (60 preterm and 30 term) who were admitted to the Boekelheide NICU at Sanford Health in Sioux Falls, SD between October 2012 and March 2014. Infants were ≤7 days of age at enrollment. All participants (including those in the term reference group) were admitted to the NICU where staff were educated about the study details and had easy access to study team members and antioxidant treated spot cards for blood collection. Eligible preterm infants (24-34 weeks GA at birth) were further stratified into two groups: early preterm (GA of 24 0/7-28 6/7 weeks at birth) and late preterm (GA 29 0/7-33 6/7 weeks at birth). Adaptive enrollment was used to assure that extremely preterm infants were enrolled over the same time period as the more commonly admitted late preterm and term (≥38 weeks GA) infants. Detailed enrollment methods, inclusion/exclusion criteria, and detailed characteristics of the study population have been previously described [5] .
Clinical Data
The following clinical data were collected from electronic medical records: maternal age, gravidity, race, diabetes status (problem list or glucose tolerance test), mode of delivery, and infant estimated GA, sex, reported race, birth weight, height, head circumference and growth chart percentile using the Fenton Growth Curve for preterm infants and the WHO Growth Chart for term infants [16, 17] .
Ethics
The study was registered at ClinicalTrials.gov (NCT01908907) and was conducted under approval of the Sanford Health Institutional Review Board and with oversight from an independent Data Safety and Monitoring Board (DSMB). Recruitment, intervention and data collection, occurred only after written informed consent and HIPPAA authorization by parents who were required to be English speaking and over 18 years of age. All study team members were trained and certified to conduct human research including working with vulnerable populations such as neonates. Infants deemed non-viable or clinically too unstable by the medical team were excluded or withdrawn from the study.
Intervention
Premature infants were randomized within 24 h of enrollment to receive either 50 mg/day (0.18 ml) of DHA liquid (Pure Encapsulations ® , Sudberg MA) (n = 31) or placebo (Medium Chain Triglyceride-MCT ® oil, Nestle Health Science, Florham Park, NJ) (n = 29). Study oil administration began the day after randomization (during the first week of life) until discharge or 37 6/7 weeks GA, whichever came first. The DHA oil selected for this study provided 280 mg/ml of DHA from an algal source (Life's DHA, Martek Biosciences Corporation, Columbia, MD) as used in most US infant formulas. This formulation was selected to avoid inadvertent administration of contaminants (e.g. mercury, organic pollutants) potentially found in fish oil sources. Additionally, the algal source DHA oil is free of eicosapentaenoic acid (EPA), Vitamin D or A to avoid confounding factors in outcome analyses. Because the dose was not dependent upon the infant's ability to tolerate enteral feedings, daily provision began after enrollment in the first week of age unless the infant was deemed too unstable by the medical team. This dosing technique (mg/day rather than mg/kg/day) was selected to provide a uniform daily dose with the goal to replicate an in utero DHA accretion rate of 42-75 mg/day [1] [2] [3] [4] in the last trimester rather than using a weight based dose. In addition, as the infant grew it would be consuming additional DHA from standard feedings (breast milk or formula). Even with an anticipated enteral bioavailability of only 85 %, the selected dose (50 mg/day) should meet this goal, especially when given in addition to standard feedings which provide 3-23 mg/kg/day [3] . Study oil was dispensed through the Sanford Children's Hospital pharmacy in blinded fashion via amber colored syringes for daily administration at 1100 a.m. If the infant had a gavage tube in place, oil was administered very slowly by gentle push through the feeding tube followed by a flush with 0.5 ml of sterile water to assure that most of the oil went through the tube (this was tested in vitro with good recovery). If the infant was feeding orally, oil was administered by mouth with a scheduled feeding. To decrease the possibility of absorption variability, no other medications were given within 1 h of the study oil. Doses could be temporarily held by the medical team for clinical concerns or NPO status. The term reference group (n = 30) had FA levels analyzed for comparison but did not receive any intervention.
Fatty Acid Analysis
Following enrollment, one drop of scavenged whole blood was collected on antioxidant pretreated filter paper at baseline for all infants as previously described [5] . Preterm infants also had whole blood collected after reaching full enteral feedings (at least 100 kcal/kg/day or more) and again at term (≥38 weeks GA) or prior to discharge, whichever came first. Per study protocol, blood was collected only in conjunction with other laboratory testing to avoid additional needle sticks or central line access. Only 1-2 drops was collected on blood spot cards due to the high risk of anemia in this vulnerable population. Samples were analyzed for fatty acids from C:14 to C:24 by direct transesterification and gas chromatography at OmegaQuant Analytics (Sioux Falls, SD) using a validated method as previously described [5] . Blood LNA, ALA, ARA and DHA levels (i.e., composition) were expressed as a mol% of total blood FA recovered. Whole blood concentrations (µg/ml) were also measured using an internal standard (22:3n3) as previously described [5] to account for potential changes in FA composition due to administration of intravenous lipid emulsions. Because the conclusions were not different, only composition data are reported here.
Outcome Measures
This study was designed to determine feasibility, tolerability and dosing efficacy of enteral DHA supplementation but was not intended or powered to determine the effects of DHA on health related outcomes. Tolerability was measured by days to reach full enteral feedings (at least 100 kcal/kg/day or more), days on study oil, GA at completion of the study and postnatal growth. Growth velocity was determined using weights (g), head circumference (cm) and length (cm) as recorded by the nursing staff. Weights were measured daily. Initially after birth, weight was measured using the integral scale within the Ohmeda Giraffe OmniBed (Ohmeda Medical, Laurel, MD) according to the manufacturer's instructions. After the infant transitioned to an open crib, daily weights were measured using an Olympic Medical Smart Scale (Model 57361-Olympic Medical, Seattle, WA). Length was measured (in triplicate) weekly using the Preemie Stadiometer (Ellard Instrumentation, Monroe, WA) for premature infants and the Newborn Stadiometer (Ellard Instrumentation) for term infants. Head circumference was also measured weekly using a Seca measuring band. Growth parameters were converted to growth percentiles using a Fenton growth curve for premature infants and the WHO growth chart for term infants. Adverse events were monitored throughout the study by the clinical team and an independent DSMB who met quarterly during the study period. Specific events of interest included thrombocytopenia, disseminated intravascular coagulopathy, intraventricular hemorrhage, periventricular leukomalacia, BPD, ROP, NEC, sepsis, milk soy protein intolerance, gastroesophageal reflux disease and death. Whole blood composition of LNA, ALA, ARA and DHA were compared between treatment groups and to the term reference group at baseline and discharge.
Statistical Analysis
Descriptive statistics were calculated for all variables and are expressed as means and standard deviations for continuous variables and frequencies and percentages for categorical variables. All analyses used the intent-to-treat study population. Adverse events of specific interest were analyzed using Fisher's exact test. Linear mixed models were used to explore growth over time (weight, length and head circumference). These models included a random effect for intercepts and slopes to account for subject specific growth over time as well as a random effect for possible correlation between twins and triplets present in the data set. Each random effect was tested for inclusion in the model using the method suggested by Verbeke and Molenberghs [18] . Using this approach it was determined that the random effect for multiple births was not needed, so this was removed from the analysis. Fixed effects initially included both a linear and quadratic time effect, GA at birth, treatment group, varying indicator for time to reach full feeds, and interactions with the linear and quadratic time effect for all other variables. A backwards selection model was used to eliminate non-significant interactions.
A linear mixed model was used to assess possible differences in time to full feeds, days on study drug, and gestational age at discharge. Time to full feeds was transformed using natural logarithmic transformation. These models included a random effect for multiples, which was maintained in the model after testing. Fixed effects included treatment and GA group for time to full feeds and days on study drug and treatment effect for gestational age at discharge. Sensitivity analysis was also performed excluding those with intrauterine growth restriction (IUGR).
Linear mixed models were also used to examine the association between each FA of interest and treatment group over time. Since only three time points were available for FA measurement, only a random intercept was included in the models. For these models, the random effect for multiples was again found to be not needed and removed. Primary outcome variables for this analysis included LNA, ALA, ARA and DHA. Only early/late preterm status was included in the model as a covariate since this was a stratification variable. Continuous dependent variables were transformed using the natural logarithm as needed to meet the assumptions of the regression model (this included LNA and ALA). To account for doses held by the medical team, sensitivity analysis was performed for all main outcome variables controlling for the number of days on study oil. This did not change any of the study results. Model diagnostics were examined to ensure that models were not overly influenced by outliers. Differences between treatment groups and term controls at discharge were assessed using an ANOVA model with t tests for pairwise comparisons. Estimates were different in these models since we were not able to control for early/late preterm groups in this analysis.
Results

Study Demographics
Between October 2012 and March 2014, 140 preterm infants were found to be eligible for the study. As per protocol, 60 preterm and 30 term infants were enrolled. The most common reason premature infants were not enrolled was parental refusal. For the term reference babies the most common reason was that infants did not require any clinically mandated laboratory testing or that the target enrollment for that period had already been met due to adaptive enrollment. Study demographics were previously reported [5] for all infants in the study which included 13 early-preterm infants (mean GA 26.6 weeks; range 25-28 weeks), 47 later-preterm infants (mean GA 31.6 weeks; range 29-33 weeks) and 30 term infants (mean GA 39.3 weeks; range 38-41 weeks).
Of the preterm infants, 29 were randomized to receive placebo and 31 to receive DHA. Baseline characteristics were compared between the treatment groups ( Table 1) . There were no significant differences in gender, ethnicity, race, diabetes exposure or multiple gestations. However, a significant difference in birth size was discovered. Infants randomized to receive DHA were significantly smaller than infants randomized to the placebo group. Mean length percentile was significantly lower; weight and head circumference percentiles trended this way as well. On further inspection, there were 4 (13 %) IUGR infants in the DHA supplemented group and only 1 (3 %) in the placebo supplemented group (IUGR infants had both length and weight <10th % by definition). This is important when interpreting group data because IUGR may negatively affect baseline LCPUFA levels, postnatal feeding progression, growth and adverse event risk in the DHA supplemented group.
Feasibility and Tolerability of Daily Enteral DHA Administration
Staff reported no difficulty with administration by gavage tube or orally with feedings. Infants enrolled in the study tolerated daily enteral dosing of study oil well. There were no reports of intolerance, loose stools or other side effects noted in any enrolled patient by parents or the clinical care team. There were no significant differences in the number of infants with gastrointestinal problems during their NICU stay (gastroesophageal reflux, milk soy protein intolerance). The DHA supplemented infants had a non-significant increase in days to reach full feeds of about 2.6 days compared to the placebo group (p = 0.07). This difference was found to be similar after excluding the IUGR infants in both treatment groups. However, after adjusting for birth weight, the increase in days to reach full feedings was only 1.8 days more for DHA vs placebo supplemented infants. To further evaluate this, the days on study oil (as an indicator of doses held by the medical team) and GA at study end (discharge or term GA) were also assessed. There were no significant group differences in the days on study oil (DHA group 34 ± 19.12 days, placebo group 33.71 ± 16.32 days; p = 0.84) or the GA at study end (DHA group 36.67 ± 1.06 weeks, range 34-39 weeks; placebo group 36.45 ± 0.97 weeks, range 35-38 weeks; p = 0.35).
There was no difference in the incidence of adverse events between DHA and placebo supplemented preterm infants (Table 2) . Importantly, there were no cases of NEC, intraventricular hemorrhage or bleeding disorders, and the rate of sepsis was not different between preterm groups. One death occurred during the study. This infant was enrolled in the DHA group, but due to an unstable clinical status never received study oil before dying of sepsis.
Growth
Daily enteral DHA supplementation did not impair growth (Fig. 1) . As expected, the linear mixed model implied that infants born at an earlier GA were smaller at birth and had slower growth prior to reaching full enteral feedings (p ≤ 0.0001) but thereafter the growth trajectory increased. The model indicated a significant group difference in size at birth with the infants randomized to receive DHA being smaller (weight, length and head circumference). Despite this, there were no undesirable differences in growth over time. In fact, DHA supplemented infants had an increased rate of linear growth compared to placebo supplemented infants (p = 0.04) (Fig. 1b) . 
LCPUFA Levels
As previously reported, preterm infants had significantly lower DHA and ARA levels at baseline than their term peers (p < 0.0001) and levels directly correlated with GA so that those born earliest were at highest risk of LCPUFA deficiency [5] . For DHA (Fig. 2a) , there were no baseline differences between the treatment groups, and DHA supplementation in premature infants significantly increased DHA levels over time (p < 0.0001). Placebo supplemented preterm infants remained deficient with no increase in DHA above baseline levels, so that by discharge the DHA supplemented infants had significantly higher levels than controls (p < 0.001). Despite improvement, DHA levels at discharge were still significantly lower than those of term infants (p < 0.001) ( Table 3) . For ARA (Fig. 2b) , baseline levels were lower in infants randomized to receive DHA. These results were similar after excluding IUGR infants. This difference disappeared by the time full feedings were reached as the DHA supplemented infants had an increase in ARA levels (p = 0.003). Both preterm groups had lower ARA levels than term infants at discharge (p < 0.0001). In contrast to DHA and ARA, their 18 carbon precursors (ALA and LNA) were significantly higher in preterm infants compared to term peers (p < 0.0001). Both ALA and LNA were highest at baseline, presumably due to infusion of parenteral lipid emulsion containing a relatively high level of these precursors FA but no preformed DHA or ARA (Fig. 2c, d ). For (ALA), there was no difference in mean levels by treatment group, but over time the baseline levels decreased in premature infants, specifically from baseline to full feeds (p < 0.001). Even so, by discharge, preterm infants still had significantly higher mean ALA levels than term infants (p < 0.001) (Fig. 2c) . LNA levels were higher in the DHA supplemented preterm group at baseline (p = 0.005), but not at any other time point. LNA levels decreased over time in this group, specifically from baseline to full feeds (p < 0.0001). Placebo supplemented preterm infants had a significant decrease in LNA from baseline to full feeds, but then a similar increase from full feeds to discharge. Both preterm groups had significantly higher LNA levels at discharge compared to their term peers (*p < 0.0001).
The DHA supplemented group had higher LNA levels at baseline, but there was no difference between groups at any other time-point (Fig. 2d) . ALA and LNA levels both remained higher than those of term infants at discharge.
Discussion
It is well recognized that LCPUFA are essential for normal health and development and that higher DHA levels are directly associated with improved outcomes in premature infants [3, 9] yet, the optimal method of administration and amount necessary to obtain benefit remains unclear. This single center, randomized, placebo-controlled trial demonstrates that daily enteral DHA supplementation (50 mg/ day) during the NICU stay is feasible, well tolerated and largely alleviates DHA deficiency. Our findings highlight the fact that providing preterm infants with DHA via mother's milk or formula using the current standard of care (as in our placebo group) does not increase blood DHA levels throughout the NICU stay. Giving premature infants additional daily enteral DHA (starting before full enteral feedings are reached and at a dose that more closely approximates in utero accretion rates) significantly increases blood DHA levels. These findings set the stage for larger trials aimed at improving clinical outcomes for high-risk infants using daily enteral DHA supplementation.
The optimal way to provide DHA for premature infants is difficult to determine from the current literature. This is due to marked variation among studies (study population, administration methods, doses and even outcome parameters). Most DHA supplementation studies have aimed to improve neurodevelopmental outcomes. Because breastfed infants had a higher IQ [19] and outcomes correlated to LCPUFA fat content [20] , the initial approach was to add DHA to formula at a comparable amount found in human milk. Following this concept, many studies have administered DHA through breast milk (via maternal supplementation) [21] [22] [23] [24] [25] or formula at various doses (from 0.14 % to over 1.0 % of FA as DHA) [10, [26] [27] [28] [29] [30] . However, supplementation by these methods is dependent on the infant's ability to tolerate full volume enteral feedings which occurs at variable rates and often not for several weeks in extremely premature infants. Infants that are NPO or receiving incrementally increasing feedings rely on intravenous nutritional support for extended periods. Standard parenteral soy-bean based lipid emulsions provide essential FA as LNA and ALA, but do not contain any preformed DHA or ARA. Conversion of these precursor FA to LCP-UFA is limited in vivo, especially in premature infants [2, 5, 6] . Although there are parenteral lipid emulsions with preformed LCPUFA (Omegaven ® and SMOF ® ), these are not approved for routine use in infants and are not commercially available in the USA.
Likely due to an early disruption in maternal-fetal FA transport, decreased fat stores, increased demands and poor provision early in life, DHA levels in preterm infants decline rapidly after birth [6, 9] . This cannot be prevented by supplementation through feedings alone. Moreover, some of the proposed benefits of DHA supplementation (decreased incidence of NEC, BPD and ROP) may be dependent on LCPUFA status during this early timepoint. After birth the premature infant transitions to postnatal life too soon and is precipitously exposed to oxidative stress and inflammation that interrupts normal organ growth and development [31] . This oxidative stress can be exacerbated by the administration of oxygen and parenteral nutrition [32] . LCPUFA play a key protective role through anti-oxidant and anti-inflammatory mechanisms [33] [34] [35] . Conceivably, this is why DHA supplementation studies with variable timing have reported mixed results. Specifically, parenteral administration of omega-3 containing lipid emulsion early in life (the first 7-14 days) was associated with a lower incidence and severity of ROP [8, 36] . This is encouraging and suggests that early supplementation may have additional protective benefits, but even though parenteral administration improved DHA status early after birth blood levels returned to baseline after discontinuation (by 4 weeks of age) [8, 36, 37] . So, although this method is associated with a decreased incidence of ROP [8, 36] , it is unknown if this will improve longer term neurodevelopmental outcomes as well.
In an attempt to deliver a more consistent daily provision of DHA early after birth without concerns of feeding advancement and intravenous access, our study investigated daily enteral administration of DHA oil (from the first week of life to discharge). We found that daily enteral DHA dosing is feasible, well tolerated and improves the DHA status of premature infants. After starting supplementation, DHA levels did not fall below baseline (average of 6.8 days of life in our study) but rather rose over time. This administration method provides promise when the goal is to improve both short-and long-term neonatal outcomes in premature infants through improved DHA status from birth on.
This study demonstrates that daily enteral DHA supplementation is feasible, but the optimal daily dose for premature infants must still be determined. Given our findings and those of others [14] , we estimate that 50-100 mg/ day administered early after birth will correct the DHA deficit found in premature infants. We show that 50 mg/ day of DHA prevented a decline in blood levels and once full enteral feedings were also reached DHA levels steadily increased in supplemented preterm infants but not controls. A higher dose is likely necessary to bring DHA levels up to those of term GA infants. In our study, DHA levels rose from 2.88 mol% (or 3.33 wt%) at baseline (6 days) to 3.55 mol% (4.09 wt%) near discharge, but did not quite reach the mean level of 4.31 mol% (4.97 wt%) found in the term reference group. However, one caveat of the study was that the average GA at study end (typically discharge) for the preterm supplemented group was 36.8 weeks and the average GA of the term reference group was 39.3 weeks. So it is possible that if DHA was continued longer and levels were measured at the same GA time-point that the supplemented preterm infants would have DHA levels similar to that of term infants.
A recent study by Collins et al. compared 40, 80 and 120 mg/kg/day of DHA (in tuna oil) given to premature infants in the NICU for the first 28 days [14] . Both our study and theirs enrolled infants with similar characteristics (mean GA of 30 vs 29 weeks), started enteral dosing in the first week of life and gave daily enteral DHA doses in addition to feedings with the standard DHA content. Differences between our study and that from Collins et al. include the omega-3 oil source (algal source DHA oil vs tuna oil with additional additives such as EPA and fat soluble vitamins), length of treatment (until discharge vs 28 days) and baseline DHA levels (higher in the Australian cohort, likely due to regional dietary and supplementing differences). It is difficult to directly compare efficacy based on FA levels alone because it is the standard practice for some lactating mothers in Australia to take omega-3 supplements. Additionally infants used in their reference group were from a previous study using high-dose maternal supplementation (DHA for the Improvement of Neurodevelopmental Outcomes-DINO trial) [29] and thus had a higher DHA level (5.09 wt%) than our term reference group (4.31 mol% or 4.97 wt%) [14] . This would be anticipated given regional, dietary and supplementation differences between these two study sites, but it should also be noted that the term infants in our study were admitted to the NICU which suggests that they may not necessarily be "healthy" infants. Overall, the combined studies suggest that daily enteral doses of 50-100 mg of DHA/day in addition to the standard provision in feedings will significantly alleviate deficiency in this high risk population.
Importantly, both studies add to a growing body of literature that daily enteral DHA supplementation is well tolerated at a wide range of doses [14, 38] . Although nutritional supplements are typically not evaluated by the Food and Drug Administration, the agency has confirmed the general safety of fish/DHA oil with no significant adverse effects being described in humans at doses ranging from 25 to 5900 mg/kg/day [39] . This safety extends to the infant population, including premature infants. Henriksen et al. supplemented premature infants with 32 mg/day of DHA with no adverse events and improved neurodevelopmental outcomes [38] . In a similar population, the DINO trial utilized 1.0 % of total FA, equivalent to 50 mg/kg/day, in formula or breast milk (through maternal supplementation) with no growth impairment or other adverse reactions [11] . Several other studies have investigated fish oil in very high doses (1 g/kg/day providing 120-375 mg/day of DHA) for treatment of Parenteral Nutrition Associated Liver Disease [40] [41] [42] [43] . Two patients in this study had bleeding, but also had significant liver disease as the presumed cause [44] . However, because of the effect of omega-3 FA on platelet aggregation [45] this remains an adverse event that should be carefully tracked in future studies with premature infants.
Interestingly, adverse events in our study group were overall very low for the population of interest. It is possible that selection bias played a role due to parents consenting only if their baby was "off to a good start". Nonetheless, infants receiving daily enteral DHA, tolerated the dosing well with no increased adverse events compared to controls. There was a non-significant increase in time to reach full feedings, but there was no difference in the days on DHA (representing doses held by the clinical team due to NPO status) or length to study end (usually at discharge). Despite past concerns that DHA supplementation without additional ARA could be associated with poor growth [46] , premature infants that received DHA had better length growth compared to controls. It should be noted that premature infants in both groups remained deficient in ARA and had significantly higher ALA and LNA levels compared to term infants at discharge. Although this was not different between DHA and placebo supplemented preterm infants, this suggests that additional nutritional lipid provisions may need closer scrutiny. Caution should be taken that all essential FA levels are tracked in any future LCP-UFA supplementation studies.
This study demonstrates the feasibility, tolerability and efficacy of daily enteral DHA supplementation for premature infants. Our results should aid in the development of larger multicenter studies aimed at improving both shortand long-term outcomes in premature infants through optimization of daily enteral DHA provision. Defining goals for circulating FA levels at specific, clinically relevant times would be helpful; and ongoing monitoring of feeding advancement, adverse events and effects on other essential FA levels (ARA, LNA, ALA) is necessary. We anticipate this method of DHA supplementation will consistently increase circulating DHA levels and thereby improve clinical outcomes for very premature infants.
